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OPTICAL DISC, REPRODUCTION APPARATUS, AND 
DISC IDENTIFIER SELECTING APPARATUS 



BACKGROUND OF THE INVENTION 



1. rlield of the Invention ! 

The present invention relates to an optical disc, a 

) 

reproduction apparatus, and a disc identifier selecting 

j 

apparatus . The present invention also relates to an improvement 
in $acuring a copyright on data recorded on an optical disc. 

| 

description of the Related Art j 
Manufacturers who records digital copyrighted 
materials, such as game software and movies, on optical cliscs 
15 pay great attention to the prevention of casual copying by 
nary users , The casual copying refers to user' s operations 
cje the users interconnect personal computers with 
ercially available reproduction apparatuses and recording 
ratuses, read data from optical discs such as CD-RO^s and 
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ROMs, and write the read data on rewritable discs 
ard disks, CD-Rs, and DVD-Rs. As can be seen from 
casual copying does not require specialized equipm 
:5o it is possible for the users to perform the casual copying . 
the casual copying is performed by many users, the optical 
industry will suffer great economical losses. Thereffore, 
iaanuf acturers exert their best efforts to prevent the cksual 



copy 



ing by processing digital copyrighted materials before 



recording the materials on optical discs. For instance 
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tal copyrighted materials are encrypted using 
identification information unique to the optical discs, 

Although having been effective until now, it cannot 
be ^Insured that this countermeasure will also be effective 
now on because of the recent remarkable development in 
reverse techniques with which processes for encrypting the 
tal copyrighted materials are analyzed. If an analyzing 
ram that analyzes the encryption processes and decrypts 
ypted materials is developed and distributed to the ordinary 
s, the users can copy the digital copyrighted materials 
a system composed of personal computers on which the 



reproduction apparatuses and recording apparatuses. 
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yzing program has been installed and commercially available 



is is 



understood from this, the emergence of the analyzing prpgram 
mak&s it impossible to prevent the casual copying with the 
currently used technique. This means that the currently used 
technique of securing copyrights on digital copyrighted 
20 materials cannot be said as a complete countermeasure agkinst 
the! casual copying. 



SUMMARY OF THE INVENTION 



The object of the present invention is therefo 
ide an optical disc that effectively prevents casual 
tjhout using a technique where a digital copyrighted ma 
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rocessed (encrypted, for instance) before being recorded 
n optical disc. 

The above object is achieved by an optical disc 
uding: a data area in which a data pit string corresponding 

corded digital data is formed, the data pit string including 
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parts, convex parts, and a certification pit, |the 

data 



certification pit certifying that the recorded digital 
is original, where a length of each of the concave part;? and 
contex parts satisfies a predetermined rule, and a length of 
the certification pit does not satisfy the predetermined rule. 

With this construction, the length of the certification 
does not satisfy the predetermined rule . Therefore, without 
ial modifications, a commercially available recording 
alratus cannot copy the certification pit to a rewritable 
along with the data pit string. Before the reproduction 
an optical disc, a reproduction apparatus of the present 
tion checks whether a certification pit exists on the 
ldisc. In this manner, the reproduction apparatus judges 
her the optical disc is a legitimate optical disc on which 
ital copyrightedmaterial has been recordedby an authorized 
facturer or an illegitimate rewritable disc on which a 
tal copyrightedmaterial has been recorded by casual copying . 
the optical disc is judged as an illegitimate rewritable 
, the reproduction apparatus does not reproduce the optical 
. On the other hand, if the optical disc is judged as 
gitimate optical disc, the reproduction apparatus 



reprpduces the optical disc. 

Here, the predetermined rule may be based on a run 
lendrth limitation method that encodes the digital data sojthat 
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to tie first number and the second number- Further, the 
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::o bit sequence is obtained, a total number of zero bits 
le zero bit sequence being within a range from a fjLrst 
r of zero bits to a second number of zero bits. Also, 
Length of each of the concave parts and convex parti may 



the 



ithin a range from a first length to a second length 
t length and the second length respectively corresponding 



certification pit may be a concave part or a convex part 
length of the concave part or the convex part being less 



first length. With this construction, even if the 



the 
than 



certification pit is read with an optical pickup and an RF 
sigiial is obtained, the RF signal includes insufficient 



bottom levels. Before recording such an RF signal 
itable disc, a commercially available recording apparatus 
cts the insufficient peak and bottom levels and converts 
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peak 
on a 
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hard 



Corrected RF signal into a binary signal. Therefore, 
if tjjie recording apparatus records the binary signal on a 

, a CD-R, DVD-R, or the like, such a disc is not recognized 
legitimate optical disc. 

Here, the predetermined rule may be based on a 
length limitation method that encodes the digital data so 
a zero bit sequence is obtained, a total number of zero bits 
an phe zero bit sequence being within a range from a first 
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numj er to a second number. Also, the length of each of the 
con<j ave parts and convex parts may be within a range from a 
t length to a second length, the first length and the second 
th respectively corresponding to the first number and the 
number. Further, the certification pit may be a concave 
, the length of the concave part exceeding the second length . 
i this construction, the certification pit has a longth 

ding the second length. Therefore, without special 
fications, a commercially available recording apparatus 

copy the certification pit having this length to a 
itable disc along with the data pit string composed of 
pits and convex pits having a length within the range 
the first length to the second length. Also, the RF s:.gnal 
ined by reading the certification pit includes a low section 
is longer than any low section of an RF signal obtained 
sading the data pit string in the data area. This allows 
reproduction apparatus of the present invention to judge 
her an optical disc to be reproduced is a legitimate optical 
produced by an authorized manufacturer merely by counting 
length of each low section. 

The above object is also achieved by an optical 
uding: a processed area that has been processed wi 
r, where an area of the optical disc other than the processed 
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includes concave parts and convex parts, each of 
a length within a range from a first length to a s 
th and is coated with a reflection layer, and the proc 
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f ir:;t concave part having a length exceeding the second length 
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by c omparing a level of an RF signal obtained from the processed 
arefe with a first threshold value and a second threshold value, 
andj the specific area records information showing a location 
andl^ length of the first concave part or the first pit string. 
Witlh this construction, the specific area records the 
inddrmation showing the location and length of the first cohcave 



pit 
Th 
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includes a first concave part or a first pit string 



:he first pit string having a length exceeding the second 



the 



length and including concave parts and uncoated convex ^arts 
froipi which the reflection layer is removed. With this 
construction, the certification pit certifying that the optical 
disfc is legitimate is formed merely by processing a certain 
arefi of the optical disc with a laser. Therefore, the 
certification pit is formed on the optical disc at low cost. 

Here, the optical disc may further include a specific 
, where the processed area further includes a second pit 
ng that has a length exceeding the second length and includes 
ivex part on which a reflection layer having a length less 



the first length exists, the first concave part o|r the 



t pit string is distinguished from the second pit s 



or the first pit string including the uncoated conve>j pit- 
refore, the information in the specific area does not show 
Location and length of each convex pit on which the reflection 
r remains. This allows the reproduction apparatus cff the 
ejient invention to judge whether an optical disc to 
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reproduced is legitimate with more precision, 
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These and other objects, advantages and features of 
invention will become apparent from the following 
ription thereof taken in conjunction with the accompanying 



drawings which illustrate a specific embodiment of the invention 
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the drawings : 

Fig. 1 shows the appearance of an optical disc oj£ the 
t embodiment; 

Fig. 2A is a cross sectional view of the optical disc; 
Fig. 2B shows the correspondences between (a) concave 
and convex pits and (b) bits "1" and bits "0"; 

Fig. 3A shows example lengths of pits formed in a data 



xng 



Fig. 3B shows an RF signal obtained by irradiai 
r light onto a pit string in the data area; 

Fig. 4 shows a convex pit A and a concave pit B having 
ngth 1T-2T; 

Fig . 5 shows the internal construction of a reprodut 
apparatus of the first embodiment; 

Fig. 6 shows an RF signal, binary signals M, H, 
calculation result obtained by an EX-OR calculation circuit, 
a detection signal; 

Fig. 7 shows concave pits having step-shaped cfross 
seckions C and D; 



stion 



and 
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L4, 
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pit 



Fig. 8 shows an RF signal, binary signals M4, H4, and 
,3 calculation result obtained by the EX-OR calculation 
lit, and a detection signal; 

Fig. 9 is a magnified view of a processed area; 
Fig. 10A shows a track shape where a single concave 
laving a length X is formed; 

Fig. 10B shows a track shape where a pit string has 



a length X and a reflection layer is removed from convex 



in t 



pits 



le pit string; 

Fig. IOC shows a track shape where a pit string includes 
a c4Kvex pit on which a reflection layer having a length of 
at ijeast 3T remains; 

Fig. 10D shows a track shape where a pit string includes 

I 

contbx pits, on each of which a reflection layer having a length 
les$ than 2T remains; 

Fig. 11A shows an RF signal obtained by reading a track 

i 
i 

havljag the track shape shown in Fig. 10A; I 

Fig, 11B shows an RF signal obtained by reading a track 

havihg the track shape shown in Fig. 10D; j 

i 

Fig. 12A shows how a track is selectedas a disc identifier 
fro$i| tracks in the processed area shown in Fig. 9; 

Fig* 12B shows a specific area in which physical 
character information concerning the selected track is 
recorded; 

Fig. 13 shows the manufacturing process of an optical 
disfcf of the second embodiment; 

8 
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Fig. 14 shows the internal construction of a disc 
ideijkifier selecting apparatus; 

Fig. 15A shows a physical character information table 
that} gives physical character information for Y tracks in each 
processed area; 

Fig. 15B shows a state of the physical character 
information table where a disc identifier setting unit; has 

set «i sign OK or NG for each piece of physical character 

i 

information; 

10 Fig . 16A shows the internal construction of a multilevel 

bin4fy signal generating unit; ; 

Fig. 16B shows the internal construction of a disc 
iderj^ifier selecting unit; 

Fig. 17A shows examples of threshold values M, L, and 
H tHft are set for a pit string having the track shape shown 
in f|Lg. 10D; 

Fig. 17B shows an RF signal and three binary signals 
M, and L; 

Fig. 18 shows an RF signal generated when a pit string 
20 havifig the track shape shown in Fig. 10A or Fig. 10B is ; read 
witlji an optical pickup; ! 

Fig. 19A shows a low section included in each binary 

sigiji|al shown in Fig. 17B; \ 

Fig. 19B shows a low section included in each binary 
25 signal shown in Fig. 18; 

Fig. 20 shows the internal construction of a reproduction 
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apparatus of the second embodiment; 

Fig. 21 shows convex pits, on each of which a ref ledtion 
lay^i: having a length 1T-2T remains. 

Fig. 22A shows a pit string on which a low reflection 
mat^tial has been applied; 

Fig. 22B shows an RF signal that includes peaks H and 
I, €|Jich of which does not have an enough amplitude lev<pl; 

Fig. 23 shows a state before a threshold value 
charlged to a threshold value L by a reproduction apparatus 
of line third embodiment; and 

Fig. 24 shows a state after the threshold value 
chained to the threshold value L by the reproduction apparatus 
of line third embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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The following is a description of embodiments pf an 
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sal disc, a disc identifier selecting apparatus, and a 
ction apparatus of the present invention. 
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st Embodiment> 

Fig. 1 shows the appearance of an optical disc 
present embodiment. The recording area of the opt 
1 is broadly divided into two areas: a data area 2 
rds digital data composing a digital copyrighted mater 
a specific area 3 . The data area 2 includes N (=5) pro 
s 4-8 that have been processed to protect a copyri 
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digital copyrighted material. 

Fig, 2A is a cross sectional view of the optical jdisc 



maximum 



:ave 



s shown in this drawing, the optical disc 1 includes a 
substrate 9 on which pits (concave pits and convex pits)j are 

! i 
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forirUd, a reflection layer 10 formed with an aluminum Vapor 
depcjsiitionmethod, and aprotection layer 11 made of a transparent 
material to protect the substrate 9 and the reflection layer 
10 . The substrate 9 includes a pit string (a sequence of concave 
pits and convex pits) . 
10 Fig. 2B shows the correspondences between (1) con 

S pits and convex pits and (2) a bit string (a sequence of oits 
"1" and "0") used during recording. It should be noted here 
r H that] each interval between the bits "1" is represented using 
W a unjlt "T" in this specification. As shown in this drawing, 
is the i:it string is recorded as pits. During the recording, 
=P a pii: reversal (each edge specified by an arrow " 1 " or j" T " 
m in tjie drawing) is caused each time a bit "0" is switche^i to 
a bit "1". The length of each concave pit or convex pit can 
be expressed using an interval T between the bits "1". 
20 the example shown in Fig. 2B, the length of a convex pit 

is 4 It and that of a convex pit pt2 is 6T. In general, phe 



interval between pit reversals is regulated so afcs to 
reduce the low frequency component of a reproduction signal 
obtained from a disc, and the minimum interval between the 
pit teversals is regulated so as to prevent the reproduction 
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conditions, in this embodiment , data obtained by processing 
inal digital data with an 8/16 modulation method is jused 
bit string and a pit reversal is caused each time a bit 
s switched to a bit "1" during recording. Here, the;8/16 
ation method is known as a coding method adopted by a 
chnology and converts 8-bit data composing digital data 

16-bit data using a predetermined conversion tablfe . 

] 

Less to say, an EFM (Eight to Fourteen Modulation) method 
converts 8-bit data composing digital data into 14-bit 
may be used instead of the 8/16 modulation method. With 
3/16 modulation method, 8-bit data composing original 

:al data is converted into 16-bit data where bits are arranged 

l 

t two-ten bits "0" are sandwiched between two bits "1" 
l n -"l 0000 0000 00 1") . This means that the length of 
concave pit or convex pit is within a range from 3T to 
The 16-bit data obtained with the 8/16 modulation method 
ven a synchronous code and is recorded on an optical disc* 
The synchronous code includes a pattern "1 0000 iOOOO 
01" , which is not obtained with the 8/16 modulation metjhod, 
s distinguished from original digital data. Becausejthis 
irn corresponds to a pit having a length 14T, digital Jdata 

i 

corded on an optical disc as a sequence of concave pits 
Convex pits, each of which has a length 3T-14T. Fig. 3A 
example lengths of concave pits and convex pits formed 
.ie data area. ! 

The concave pits and convex pits in the data at&a. 2 
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are irradiated with laser light and an RF (Radio Frequency) 
signal shown in Fig. 3B is obtained by electrically converting 
a reflection light obtained by the irradiation. In general, 
an EjF signal is obtained by electrically converting a reflection 
lig it into an electric signal and by equalizing the amplitude 
of the electric signal. The RF signal is converted into a 
binary signal using a threshold value M and the binary signal 
is subjected to 8-16 demodulation processing and error 
correction processing. In this manner , data composing a digital 
10 copyrighted material is obtained. Next, the processed areas 
are described. Fig. 4 shows concave pits and convex pits 
ed in the processed area 6. In this drawing, the processed 
6 has a construction where a convex pit A and a concave 
B, each of which has a length 1T-2T, are arranged with 
stance "length X" therebetween. These concave pitjand 
convex pit can be easily formed with a recording waveform that 
orter than that regulated during the production o: 
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cal disc. The lengths (1T-2T) of these pits are shorter 



the 



those (3T-14T) of normal pits. Therefore, during 
reading with an optical pickup, the RF signal obtained 
convex pit A and concave pit B does not have enough 
low levels, unlike the RF signal obtained from the normal 
Especially note that such an RF signal that does not 
enough high and low levels cannot be reproduced by a 
ercially available reproduction apparatus and cannbt be 
ed to another optical disc by a commercially available 
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recording apparatus. This is because the commercially 
available reproduction apparatus reads concave pits and convex 
pitj; having a length 3T-14T from an optical disc and t^ie 
commercially available recording apparatus records concave 
pitjs and convex pits having a length 3T-14T on a rewritable 
disc. When a RF signal is obtained from concave pits and convex 
pits having a length shorter than a normal pit length, the 
commercially available reproduction apparatus and recording 
apparatus regard the RF signal as an irregular RF signal and 
converts it into a regular RF signal by performing err: 
correction processing during reproduction and recording 
a r^mlt, the concave pit and convex pit having a length 1T-2T 
are! not copied to a rewritable disc by casual copying. 

i The presence of a concave pit and a convex pit having 
a length 1T-2T on an optical disc certifies that the optical 
disi: is an original optical disc produced by an authorized 
manufacturer . A pit string, in which a concave pit and a cinvex 
pit (having a length 1T-2T are arranged with a distance "length 
X" therebetween, is referred to as a "disc identifier" in this 
embodiment . A reproduction apparatus producedby an authorized 
manufacturer reads a disc identifier from an optical di ;3 c to 
be reproduced and checks the distance between a concavfe pit 
and a convex pit having a length 1-2T. According to the check 
result, the reproduction apparatus judges whether the optical 
disi: to be reproduced is a legitimate optical disc or a rewritable 
disc to which a digital copyrighted material is illegally copied 
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::atus finds the location of the disc identifier on 



6a 1 disc by referring to the physical character information . 



Also, because the physical character information gives| the 



by c ssual copying. The processed area 6 of the first embodiment 
has peen described above. The following description conaerns 
the Specific area 3 of the first embodiment. 

The specific area 3 records physical character 
infatuation that shows physical characters of the disc 
ideil'zifier formed in the processed area. More specifically, 
the physical character information shows a distance between 
the <j:oncave pit and convex pit having the length 1T-2T and 
a location of the disc identifier on the optical disc. Because 
physical character information concerning the disc identifier 
is recorded in the specific area 3, a legitimate reproduction 



the 



distance between the concave pit and convex pit having 
lend{:h 1T-2T (the length of the disc identifier), the 



repr oduction apparatus can find the distance between the concave 
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pit knd convex pit in the disc identifier. 

The following description concerns a reproducti 
apparatus of the first embodiment that reproduces the opt 
disc) 1. Fig. 5 shows the internal construction of the 
reproduction apparatus of the present embodiment. As dhown 
in tftis drawing, the reproduction apparatus includes a system 
control unit 50 (including physical character information 
reac.jng unit 51 and a number judging unit 59), a signa.. 
reproduction unit 52, a multilevel binary signal generating 
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unit: 53, an EX-OR calculation unit 54, a filter 55, a counter 
56, jfi comparator 57, and a counter 58. 

The system control unit 50 includes a CPU, a memory, 
A program stored in the memory, and takes overall control 
le reproduction apparatus , 

The physical character information reading unit 51 
ites as follows, when an optical disc is placed in the 
eduction apparatus and an instruction to reproduce the 
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cal disc is input. The physical character information 



10 reaqlng unit 51 reads N pieces of physical character information 
f roirj the specific area 3 and instructs the signal reproduction 
unitj 52 to read concave pits and convex pits on the optical 
disci according to the location and length shown by each piece 
of physical character information. 

The signal reproduction unit 52 includes an optical 
pickjup and obtains an RF signal by irradiating laser light 
the concave pits and convex pits on the optical disc} and 
ving reflection light. Fig. 6 shows an example of 



B has- a length less than 2T, the reflection light obtained 
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radiating laser light onto these pits does not have enough 



gnal that is obtained when the pit string shown in Fig. 



read. Because each of the convex pit A and concave 
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tness and darkness levels. Therefore, as shown on 
t! level in Fig. 6, the RF signal obtained from the reflection 
light includes peaks X and Y that do not have enough amplitude 
levels . 
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The multilevel binary signal generating unit 53 converts 
RF signal into binary signal using threshold valuefe M, 



L, arid H. The first level in Fig. 6 shows the correspondences 
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ien the RF signal and the threshold values M, L, ari 
second level in Fig. 6 shows a binary signal M3 obta. 



on 



the RF signal using the threshold value M. The third 



d H. 
ined 



in Fig. 6 shows a binary signal H3 obtained from the 
}_gnal using the threshold value H. The fourth levejl in 
6 shows a binary signal L3 obtained from the RF sijgnal 
£ the threshold value L 

The binary signal M3 obtained using the threshold vjalue 
M includes no high section corresponding to the peak X and 
no l:w section corresponding to the peak Y. The binary silgnal 
H3 cjij>tained using the threshold value H does not include a 
higl^ section corresponding to the peak X but includes a low 
section corresponding to the peak Y. The binary signal L3 
obtd:.ned using the threshold value L includes a high section 
corresponding to the peak X but does not include a low seel 
corresponding to the peak Y. 

The EX-OR calculation unit 54 obtains a signal shown 
tfcie fifth level in Fig. 6 by calculating an exclusive OR 



tion 



of the binary signal H3 (on the third level in Fig. 6) 



and 



the binary signal L3 (on the fourth level in Fig. 6) 

The filter 55 only passes each high level portion, 
whicM has a time length at least equal to a predetermined va 



lue, 



of tfte signal generated by the EX-OR calculation unit ^4. 
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As 4 result, a detection signal shown on the sixth level in 
Fig J 6 is obtained. 

The counter 56 counts the time length of a low section, 
whi4li is sandwiched between high sections corresponding to 
the peaks X and Y, of the detection signal output from the 
filtjer 55. 

The comparator 57 judges whether the time length of 
the low section counted by the counter 56 is the same as that 
shovHi by the physical character information and, if so, outputs 
section signal to the counter 58. 

The counter 58 counts the number M of detection sicnals 
at from the comparator 57. 

The number judging unit 59 calculates a ratio M/N between 
number N of pieces of physical character informati6n in 
specific area and the number M counted by the counter 58. 
number judging unit 59 then compares the ratio M/N with 
-determined threshold value. If the ratio M/N exceeds 
predetermined threshold value, the reproduction of the 
=al disc is allowed. If the ratio M/N does not exceed 
predetermined threshold value, the reproduction of the 
.=al disc is prohibited. Accordingly, even if the content 

legitimate optical disc is copied to a rewritable 
Casual copying and the rewritable disc is placed in 
production apparatus, the reproduction apparatus doejj. not 
oduce the rewritable disc. 

As described above, the disc identifier of the optical 
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disc of the present embodiment is recorded as concave pits 
and convex pits having a length 1T-2T, so that commercially 
ava:. Lable reproduction apparatus and recording apparatus cannot 
reproduce and record the disc identifier. The reproduction 
apparatus of the present embodiment judges whether an optical 
disc placed therein includes such a disc identifier to determine 
whether the optical disc is a legitimate optical disc on which 
a digital copyrightedmaterial has been recordedby an authorized 
manufacturer or an illegitimate rewritable disc on which a 
digital copyrighted material has been recorded by casual 
copying. 

It should be noted here that in the present embodiment , 
cond:ave pits having step-shaped cross sections may be formed 
instead of the concave pits and convex pits having a length 
IT-V.r. Fig. 7 shows concave pits having step-shaped cross 
secJions C and D. The height of each step in the cross sections 
C ajid D is set at the half of the depth of a concave pit. 
In jrsneral, if the wavelength of laser light is shown <|sing 

i 

a s:Jgn * , the depth of a concave pit is expressed as 4/4. 
Therefore, the height of each step in the cross sections C 
and D is set at the half ( X /B) of the concave pit depth A 
/4. These step-shaped cross sections C and D are formed by 
mel:ing the aluminum reflection layer 10 and deforming the 
substrate 9 with the irradiation of a YAG (Yttrium, Alumjnum, 
Gariet) laser onto the end portion of each desired conjcave 
pit having a normal length 3T-14T. The RF signal generated 
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frori a concave pit having such a step-shaped cross section 

i 

has jthe same amplitude level as that obtained from a coricave 
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pit Shaving a length less than 3T, and is detected in the j same 

manrl£r as the concave pit having the length less than £t. 
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8 shows a process of converting an RF signal, whidh is 
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ined from concave pits having step-shaped cross sections 
includes peaks Z and W, into binary signals. The first 
i, in Fig. 8 shows the correspondences between the RF signal 



the threshold values M, L, and H. The second level in 
8 shows a binary signal M4 obtained from the RF signal 
the threshold value M. The third level in Fig. 8 ^hows 



hold 



nary 



ary signal H4 obtained from the RF signal using the thresl 

H. The fourth level in Fig. 8 shows a binary signal 

.ained from the RF signal using the threshold valxie L. 

i 

fifth level in Fig. 8 shows a signal obtained by the E^X-OR 

l 

lation unit 54 that calculates an exclusive OR of j the 
signals H4 and L4 . The sixth level in Fig. 8 shows 
ection signal output from the filter 55. 
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20 Oecond Embodiment> 

In the first embodiment, a disc identifier is reco 
on ajh optical disc as concave pits and convex pits havi 
length 1T-2T. However, in the second embodiment, a dis 
identifier is recorded as a concave pit having a lengtlji at 
25 leasjf equal to 15T. 

First, a processed area of the present embodiment is 
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described. This processed area is formed by the irradiation 



6 ink 
the 



of 3 YAG laser 

Fig. 9 is a magnified view of a processed area 
the present embodiment. In this drawing, the processed 



the 

with 

the 



6 of 
area 



ludes Y tracks having a length X, with each space between 



size 



tracks (a track pitch) being set at 0.79^m and the 
of tjhe processed area being determined so that the errcfir 
correction processing described above is performed by 
comirercially available recording apparatus and reproduction 
apparatus. Each track in the processed area has one of 
shapes shown in Figs. 10A-10D. Fig. 10A shows a track s 
where a single concave pit having a length X is formed (X 
or more) . Although convex pits having a length 3T-14T 
originally formed in the processed area, the concave pit ha 

length X is formed by melting the original convex #its 
the irradiation of a YAG laser (the broken lines represent 
melted original convex pits in Fig. 10A) . 
! Since the concave pit has the length X in Fig. p. OA, 
an Rir signal obtained from this pit becomes a long low sect 
in copparison with an RF signal obtained from a normal con 
Fig. 11A shows the RF signal obtained when the con 
hown in Fig. 10A is read. As shown in this drawing 



four 
hape 
-15T 
were 
ving 



pit 
pit 
RF si 
low 



gnal includes a low section that is longer than any normal 
ection. Especially note that the RF signal having this 



ion, 
cave 
cave 
the 



wavejform cannot be reproduced and written by commercially 
available reproduction apparatus and recording apparatus 
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Thid is because the commercially available reproduction 
apparatus reads concave pits and convex pits having a length 
3T-lMT from an optical disc and the commercially available 
recording apparatus records concave pits and convex pits harving 
a idngth 3T-14T on a rewritable disc. When an RF signal is 
:.ned from a concave pit having a length X, the commercially 



:.able reproduction apparatus and recording apparatus 



regards the RF signal as an irregular RF signal and converts 
it into a regular RF signal by performing error correction 
10 processing during reproduction and recording. As a result, 
Dncave pit having the length X is not copied to a rewritable 
by casual copying. The presence of such a concave pit 

optical disc certifies that the optical disc is a legitimate 

I 

cjal disc produced by an authorized manufacturer. Tjhis 
2 15 concave pit having the length X is referred to as a "disc 



s of 



identifier" in this embodiment. A reproduction apparatu 
the ipresent embodiment generates an RF signal by readirig a 
disc identifier from an optical disc to be reproduced, and 
checks how long a low section of the RF signal continues. 
20 According to the check result, the reproduction apparatus j udges 
whether the optical disc to be reproduced is a legitimate optical 
disci or an illegitimate rewritable disc to which a digital 
copyrighted material is illegally copied by casual copying. 

Fig . 10B shows a track shape where a pit string including 
25 conJive pits and convex pits has a length X and a reflection 
layefr is removed from the convex pits . Here, it does not master 
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whe 



f rotn 



her the reflection layer in the concave pits remains or 



is dbmpletely melted. Because the reflection layer is reihoved 



RF sjignal obtained from the pit string shown in Fig. 10B becomes 



the 
pit 
thife 



hav 
in 
an 
inc 
obtfe 



same as that of the RF signal obtained from the concave 



the convex pits as described above, the waveform* of an 



shown in Fig. 10A. That is, the RF signal obtained 
pit string has a long low section, in comparison 



from 
with 



The 
side 



an $F signal obtained from a normal pit string. Because the 
low section is longer than any normal low section, the track 
shafce shown in Fig. 10B is also usable as a disc identifier. 

Fig. IOC shows a track shape where a reflection ;.ayer 
havijng a length of at least 3T remains on a specific cinvex 
pitj-hat is located in the middle of the processed area 
totjil length of concave pits and convex pits on the left 
of specific convex pit is xl and that of concave pits and 

convex pits on the right side of the specific convex p;.t is 
x2„ Because each of the lengths xl and x2 is smaller ^han 
the Length X as shown in Fig. IOC, the pit string on each 
of tie specific convex pit is regarded as a concave pit having 
a length less than X . 

Fig. 10D shows a track shape where a reflection : 
Lng a length less than 2T remains on specific convex 
he processed area. Like the cases of Figs. 10A and 
:*|F signal obtained from the pit string having this shape 
Ludes a long low section, in comparison with an RF signal 
ined from a normal pit string. In the case of Fig- 10D, 



ayer 
pits 
10B, 
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ver, a reflection layer of IT or 2T exists on the specific 



convex pits. Therefore, the RF signal obtained from this 

i 

processed area includes peaks corresponding to the reflection 
layfsr of IT and 2T. Fig. 11B shows the RF signal obtained 
whefil the track having the shape shown in Fig. 10D is read. 

In (this drawing, the RF signal includes peaks P and Q| 
corresponding to the reflection layer of IT and 2T. If the 
peajd P is detected during reproduction, there may be a case 
whefe the pit string in this processed area is not regarded 

as ft concave pit having a length X and is erroneously dealt 

i 

witfu as a pit string, such as the pit strings in Fig. 10C, 
hav 



as a pit string, such as the pit strings in Fig, 
ng a length less than X. 

As described above, the track shown in Fig, 10D may 
be dthnfused with a track shown in Fig. 10C during reproduction, 
15 Th^pefore, the track shown in Fig. 10D is not usable as a 
disfc identifier. Fig. 12A shows how a disc identifier is 
distinguished from tracks in the processed area shown in; Fig. 
9. Among Y tracks in the processed area, a track that j has 

the length X and starts from an address a 6 has the track <>hape 
20 shoim in Fig. 10A or Fig. 10B and other tracks have the track 
shapes shown in Figs- 10C and 10D. Therefore, the track; that 

has [the length X and starts from the address a 6 is regarded 

j 

as disc identifier. j 

i 

The processed area has been described above. Tjhe 



owing description concerns the specific area 3. T 



he 



if ic area 3 records physical character information showing 
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the 



phys 
the i 
the 



position and length of the track r which is recorder as 



a disc identifier, out of the Y tracks in the processed area. 

Fig. 12B shows the specific area 3 that records physical 
character information corresponding to the processed area shown 
in Fflg. 12A. As shown in Fig. 12B, the specific area 3 reqords 
ical character information showing the address (a 6] 



manufacturing process shown in this drawing includes s 



SI ( 
S3 
S5 



and 

ength (X) of the track that is the disc identifier . Becjause 



pecif ic area 3 records the physical character inforrna 



concerning the track having the shape shown in Fig. 10A or 
Fig, 10B, a legitimate reproduction apparatus to reproduce 
the optical disc finds the location of the disc identifier 
on tjjie optical disc by referring to the physical character 
information . Also, because the physical character information 
sho\H the length of the disc identifier, the legitimate 
reproduction apparatus recognizes the length of a low section 
of t:^e RF signal that is generated by reading the disc identifier 
The optical disc of the second embodiment has h>een 
described above . Next, the manufacturing process of the optical 
disi of the present embodiment is described. Fig. 13 ^hows 
the brocess of manufacturing the present optical disc 



tion 



substrate forming step) , S2 (reflection layer forming step) , 



pro 



protection layer coating step), S4 (laminating step) 
{label printing step) that are conventionally perfo 
durjlng the manufacturing of an optical disc. Steps S6 {laser 

and 



The 
teps 



, and 

rmed 



essing step), S7 (disc identifier selecting step), 
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sical character information recording step) are unique 
e present manufacturing process. 

In S6 (laser processing step) f N processed areas are 
by irradiating a YAG laser onto an optical disc , 
InS7 (disc identifier selecting step) , a disc identifier 
lected from each processed area formed by the irradiation 
YAG laser and physical character information shewing 
length and location of the selected disc identifier is 
rated , 

In S8 (physical character information recording step) , 
physical character information generated in S7 is recdrded 
specific area 3. 

The laser processing step (S6) for forming processed 
$ by the irradiation of the YAG laser and the physical 
$cter information recording step (S8) for recording a disc 
ifier in the specific area 3 can be carried out by an 
ing optical disc manufacturing facility. The disc 
ifier selecting step (S7) is carried out by a disc identifier 
ing apparatus shown in Fig. 14. The following is a 
ription concerning the disc identifier selecting apparatus . 
hown in Fig. 14, the disc identifier selecting apparatus 
iLdes a system control unit 12 ( including a physical charac 



rt 



e<pt 



::mation storing unit 13, a physical character information 



:.ng unit 14, and a disc identifier setting unit 18; 
reproduction unit 15, a multilevel binary signal 
generating unit 16, and a disc identifier selecting unit} 17 
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ical 
ical 



The system control unit 12 includes a CPU, a memory, 
and =. program stored in the memory, and takes overall control 
of the disc identifier selecting apparatus. 

I The physical character information storing unit 
5 stores a physical character information table that gives 

pied<5 of physical character information showing the location 
and jlength of one of Y tracks in N processed areas. Fig. 15A 
shoves an example of the physical character information table. 
The! physical character information table includes a phys: 
10 character information column and a OK/NG column. The phys: 
3 chaiacter information column gives each piece of physical 
u\ character information showing the start address and length 
f H of cjne of Y tracks in N processed areas. The OK/NG column 
E! giv«U a sign (OK/NG) for each track to show whether the track 
' 15 is usable as a disc identifier. 

J ' The physical character information reading unit 14 

Ki instructs the signal reproduction unit 15 to read each track 
[I (pit!, string) in the N processed areas according to the physical 
character information table stored in the physical character 
20 information storing unit 13. 

The signal reproduction unit 15 obtains an RF signal 
by fading each track according to the position and le: 
of ttiie track informed by the physical character information 

reacj^fing unit 14. 
25 The multilevel binary signal generating unit 16 conterts 

the :*F signal sent from the signal reproduction unit 15 
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nary signal using threshold values M, L, and H, and outputs 
r<fce binary signals M, L, and H. Fig. 17A shows examples 
nese threshold values that are set for the concave! pits 
convex pits having the track shape shown in Fig- l|0D. 
The disc identifier selecting unit 17 judges whether 

read track has a track shape shown in Fig. 10A or Fig. 

i 

according to the binary signals M, L, and H output; from 
multilevel binary signal generating unit 16. If the read 
<:jk has the track shape shown in Fig. 10A or Fig. 10B, the 
identifier selecting unit 17 outputs a detection s:.gnal 
i:!he disc identifier setting unit 18 . j 

The disc identifier setting unit 18 sets the si^n OK 
iach piece of physical character information corresponding 
track that is judged as having the track shape shojm in 
10A or Fig. 10B. The disc identifier setting uni| 18 
sets the sign MG for each piece of physical character 
rmation corresponding to a track that is judged as hiving 

:rack shape shown in Fig. 10C or Fig. 10D. Fig. 15B Shows 

j 

xample state where the disc identifier setting unit 18 
set the sign OK/NG for each piece of physical character 
rmation. 

Next, the internal construction of themultilevel binary 
al generating unit 16 is described. Fig. 16A show:; the 
rnal construction of the multilevel binary signal 
rating unit 16. As shown in this drawing, the multilevel 
ry signal generating unit 16 includes three comparators 
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The comparator 21 generates a binary signal Ml from 
an Fir signal using a threshold value M that is set at the center 
of the amplitude variation range of the RF signal and outputs 
thejk?inary signal Ml. Here, the reason why the threshold value 
is s'et with reference to the amplitude variation range of the 
RF signal is that the level of a reflection light from a pit 
str:.ng varies according to the type of an optical pickup used 
to read the pit string. The first level in Fig. 17B shows 
10 an C! sample of the threshold value M that is set for the RF 
sigiUl. The second level in Fig. 17B shows the binary signal 
Ml generated by the comparator 21 from the RF signal. Note 
thaf the threshold value M may be preset at a fixed value. 

The comparator 22 generates a binary signal LI from 
15 the iRF signal using a threshold value L and outputs the binary 
sigrt.il LI. The first level in Fig. 17B shows an example the 
threshold value L that is set for the RF signal. As can be 
seeii from this drawing, the threshold value L is obtained by 
subtracting an offset a from the threshold value M. Because 



the 
not 
M. 



25 bine 



peak Q is lower than the threshold value M, this peak is 
converted into a binary signal with the threshold value 
However, because the peak Q is higher than the threshold 
valiie L, this peak is converted into a binary signal with the 
threshold value L. The fourth level in Fig. 17B shows the 
cy signal LI generated by the comparator 22 from the RF 



sigJ.al. As can be seen from this drawing, the binary signal 
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Ll includes a pulse wave Ql that is obtained by the conversion 
of the peak Q into the binary signal LI. 

The comparator 23 generates a binary signal HI 
the iF.F signal using a threshold value H and outputs the binary 
5 sigrjikl HI. The first level in Fig. 17B shows an example of 
the threshold value H that is set for the RF signal. As 
be seen from this drawing, the threshold value H is obta 
by adding the offset a to the threshold value M. Therefore, 
alt* ough being converted into a binary signal with the threshold 
10 valv e M, the peak P is not converted into a binary signal with 
% the 'threshold value H. The third level in Fig. 17B shows: the 
^ bina::y signal Hi generated by the comparator 23 from the RF 
al. As can be seen from the second, third, and fov. 
is in Fig. 17B, the binary signal Ml includes a low sec 
sanc.wichedbetween points AO andAl, the binary signal HI includes 
a ldw section sandwiched between points A2 and A3, and the 
bine.ry signal Ll includes a low section sandwiched between 
poirl-S A4 and A5 . Therefore, the low section included in the 
binary signal Ml is shorter than that included in the binary 
signal HI but is longer than that included in the binary signal 
Ll. 

Fig. 18 shows the RF signal generated when a tjjack 
havlkg the track shape shown in Fig. 10A or Fig. 10B is 



not 
Fig 



rth 
tion 



by d L a optical pickup. The RF signal shown in Fig. 18 does 



Include the peaks P and Q, unlike the RF signal shoyn in 
17B. Therefore, if binary signals are generated from 



read 
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the ^.F signal shown in Fig. 18 using the threshold values M, 
L, afldH, the binary signals M2, L2, and H2 have similar wavefdrms , 
As can be seen from this, although the binary signals 
Ml, 1^1, and HI that are generated from the RF signal obtained 
by reading the track having the shape shown in Fig. 10D includes 
low Sections having different lengths, the binary signals M2, 
L2, jand H2 that are generated from the RF signal obtained by 
reading the track having the shape shown in Fig. 10A or Fig. 
10B includes low sections having similar lengths, 

The following description concerns the internal 
construction of the disc identifier selecting unit 17. Fig. 



shows the internal construction of the disc identifier 



selecting unit 17 . As shown in this drawing, the disc identifier 
selecting unit 17 includes counters 31 and 32 and comparators 
d 34. | 

The counter 31 counts the length of the low section 
binary signal H (HI or H2 ) and outputs a count valufe x. 

The counter 32 counts the length of the low section 
oinary signal L (LI or L2 ) and outputs a count value y. 

The comparator 33 compares the count values x and y 
the maximum length 14T of normal pits. If both of the 
values x and y exceed the maximum length, the comparator 
tputs a detection signal to the comparator 34. 

The comparator 34 judges, if receiving the detection 
signal from the comparator 33, whether the difference x-y between 
the foount values x and y exceeds a predetermined threshold 
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valifp* In the case of the binary signals H2 and L2 generated 
frorfi the RF signal shown in Fig. 18 that does not include the 
s P and Q, these signals H2 and L2 include low sections 
;ig similar lengths. Therefore, the count values x ! and 

similar to each other anci the difference x-y does not 
3d the predetermined threshold value. 

In the case of the binary signals HI and LI generated 
the RF signal shown in Fig. 17B that includes the pjeaks 
Q, these signals HI and LI include low sections having 
oundly different lengths. Therefore, in this case,j the 
rence x-y exceeds the predetermined threshold value, 
difference x-y does not exceed the predetermined threshold 
, the comparator 34 outputs a detection signal showing 
the track has a shape shown in Fig. 10A or Fig. 1GB. 
otherhand, if the difference x-y exceeds the predetermined 
:5hold value, the comparator 34 outputs a detection signal 

ng that the track has a shape shown in Fig. 10D. : By 
^tedly performing the processing described above forjeach 

e Y tracks in the processed area, only a track haying 

i 

hape shown in Fig. 10A or Fig. 10B is selected and physical 
cter information showing the location and length of the 
cted track is recorded in the specific area 3 in the physical 
cter information recording step. In this manner, jonly 
ck having the shape shown in Fig . 10A or Fig . 10B is selected 
disc identifier (tracks having the shape shown inlFig. 
re not selected) . This ensures that the disc identifier 
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is c^tected with stability during reproduction. j 

i 

Fig. 19A shows the low section of each of the bijiary 
Is Ml, HI, and LI shown in Fig. 17B, while Fig. 19B shows 
ow section of each of the binary signals M2, H2, and L2 
in Fig. 18. The counters 31 and 32 count the lengths 
-3 low sections of these binary signals (shown with bold 



sxgn 
the 
show) 
of tY 
line 
diffd 



in these drawings) and the comparator 34 compares the 
::ence x-y between the counted lengths with the 
predetermined threshold value, 
10 The following is a description concerning a reproduction 

apparatus of the present embodiment . Fig . 20 shows the internal 
construction of this reproduction apparatus. As shown in tjiis 
drawing, the reproduction apparatus includes a system control 
unit |0 (including a physical character information reading 
"T5 unit 41- and a number judging unit 47), a signal reproduction 
unit 4 2, a single level binary signal generating unit 43,: a 
count^f 44, a comparator 45, and a counter 46. j 

The system control unit 4 0 includes a CPU, a memory, 
and a program stored in the memory, and takes overall control 



20 of the 



operat 



reproduction apparatus. 
The physical character information reading unit 4jL 
s as follows when an optical disc is placed in the! 



reproduction apparatus and an instruction to reproduce the 
optica:, disc is inputted. The physical character information 
reading unit 41 reads n pieces of physical character information 

from th4 specific area 3 and informs the signal reproduction 

j 
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unit 42 of the location and length shown by each piece of physical 
character information . 

The signal reproduction unit 42 obtains an RF signal 
by reading tracks according to the locations and lengths informed 
by fhe physical character information reading unit 41. 

The single level binary signal generating unit 43 



gene 



of t. 



15 low 
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the 
in 
46. 
with 
25 the 



rates a binary signal M from the RF signal sent from the 



hown 
and/ 



signal reproduction unit 42 using a single threshold value 
M. The single level binary signal generating unit 4 3 t[hen 
10 outg>(its the binary signal M to the counter 44. 

The counter 44 counts the length of each low sedtion 
ie binary signal M output from the single level biliary 
sigi|&l generating unit 43- 

The comparator 45 judges whether the length of jeach 
section counted by the counter 4 4 is the same as that £ 

i 

ie of the N pieces of physical character information 
if 4°/ outputs a detection signal to the counter 46. 

The counter 46 counts the number M of the detection 
sigijals output from the comparator 45. 

The number judging unit 47 calculates a ratioM/N between 
total number N of pieces of physical character information 
tjhe specific area and the number M counted by the counter 
The number judging unit 59 then compares the ratio M/N 
a predetermined threshold value . If the ratio M/N exceeds 
^redetermined threshold value, the reproduction of, the 
opt4cal disc is allowed. If the ratio M/N does not exceed 
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predetermined threshold value, the reproduction of 
1 disc is prohibited. Accordingly, even if the c 
legitimate optical disc is copied to a rewritable 
sual copying and the rewritable disc is placed in 
ion apparatus, the reproduction apparatus does 
the rewritable disc . 
As described above, a disc identifier of the opt 
c of the present embodiment is recorded as a concave 
pit string having a length at least equal to 15T , There 

rcially available reproduction apparatus and r 
ratus cannot reproduce and record the disc identif 
reproduction apparatus of the present embodiment j 
sjther an optical disc placed therein includes a dis 
ntifier to determine whether the optical disc is a 
itimate optical disc on which a digital copyrighte 
erial has been recorded by an authorized manufactu 
an illegitimate rewritable disc on which a digital 
yrighted material has been recorded by casual c 
It should be noted here that a disc identifier 
cbnvex pits, on each of which a reflection layer of 
ins, as shown in Fig. 21. The RF signal obtained 
pits by the irradiation of laser light does not 
iough amplitude level. Therefore, whether an optical 
reproduced is legitimate can be judged by proces 
Af signal using a threshold value L. 

Also, as shown in Fig. 22A, a disc identifier 
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::ded by applying a low reflection material on a certain 
surface area to suppress the amount of reflection light 
a pit string under the disc surface area. In this case, 
Amount of reflection light from the pit string becomes 
f f icient during the reading of both ends of the pit string 
laser light, so that the RF signal corresponding to these 
does not have an enough amplitude level. Also, ifj the 
^ce of a disc vibrates during reproduction, variations 
enerated in the binary signal generated from the RF signal . 

22B shows an RF signal that includes peaks H and I, each 
lich does not have an enough amplitude level. Because 
peaks H and I correspond to the ends of the pit string 
r the certain disc surface area, these peaks are convdrted 
a binary signal L using the threshold value L that is 
:c than the threshold value M. Then, it is judged whether 
optical disc to be reproduced is legitimate by detecting 
es of the binary signal L that correspond to the p<paks 

d i. ! 



rd Embodiment > j 

The present embodiment relates to a technique in ijhich 

j 

shold value setting information is recorded along jvith 



ical character information in the specific area 3. The 
shold value setting information shows that a reproduction 
ppijtfratus of the present embodiment need to change the threshold 
14b M to the threshold value L. Here, like the abovS 
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diments, the threshold value L is lower than the threshold 



e M. The reproduction apparatus reads the threshold value 
ing information along with theNpieces of physical character 
rmation from the specific area 3. The reproduction 
ratus then changes the threshold value M to the threshold 
$ L before reading each pit string corresponding td one 
tfcje N pieces of physical character information. After each 
esponding pit string is read, the reproduction apparatus 

i 

rns the threshold value L to the threshold value M. Efigs. 
\d 24 respectively show states before and after the threshold 
valiife M is changed to the threshold value L. As is apparent 
froiji these drawings, peaks E, F, and G, each of which does 
not have an enough amplitude level, can be detected by changing 
the threshold value M to the threshold value L. 

As described above, in the present embodiment, a 



! i 
tifier can be detected with stability by changing the 



disc 



the 
need 



shold value M to the threshold value L. As a result , 
production apparatus of the present embodiment does not 
T£se a plurality of comparators. 

Although the present invention has been fully described 
by way of examples with reference to accompanying drawings, 
it is to be noted that various changes and modifications 
be Apparent to those skilled in the art. Therefore, unless 
such changes and modifications depart from the scope ofc the 
25 preterit invention, they should be construed as being included 
therein. 
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